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following results: for the first time, the peculiar eharacteristic of field emission in a single TaSi2 nanowire, i,e., the 
ballistic emission process, is clarified through the blurring phenomenon in the electron hologram. The potential 
fluctuation in a single TaSi2 nanowire due to this ballistic emission is quantitatively evaluated. 
Chapter 5 shows the magnetization process in Alnico 5 and 8 which was in situ observed by means of 
electron holography coupled with Lorentz microscopy. In particular, the magnetization reversal of the nanosizod 
ferromagnetic ul phase in Alnico alloys is visualizod for the first time by utilizing a sharp magnetic needle made 
of sintered Nd~Fel4B within a transmission electron microscope. 
Chapter 6 presents a methodology for observimg the magnetization prccess in hard magnetic fine powders. 
Using a magnetic needle and an electromagnet, the magnetization process in Sm2Fel7N6 fine powders is induced, 
which is observed by electron holography and Lorentz microscopy. 
In ehapter 7, the main results presented in this thesis are summarized. 
Eventually, by means of electron holography with nanotips, we succeeded in the analyses of electric and 
magnetic fields in advanced materials, and the results of this thesis are summarized as follows, and the 
experimental results of each chapter (chapters 3-6) are summarized in the next paragraphs. 
(1) By utilizing electron holography and nanotips used as the anode and field shielder, we visualized the 
electric potential distribution around various field emitters, i.e., Schottky FEG-emitters, a cold-type FEG-emitter 
and a single TaSi2 nanowire. In addition, not only the strategies for evaluating field emission gun emitters but also 
the novel experimental techniques for a quantitative electric field analysis have been established. 
(2) By utilizing a sharp magnetic needle made of Nd2Fel4B and an electromagnet, the analysis methodology 
for observing the magnetization processes in hard magnetic materials have been achieved. By means of electron 
holography coupled with Lorentz microscopy, the dynamic domain wall motions in hard magnetic materials such 
as Alnico 5, Alnico 8 and Sm2Fel4Ns fine powders were directly observed. 
(3) We believe that this study will provide the signiflcant and important information for characterizing and 
developing the advanced electromagnetic materials. 
- Analysis of electron potential disti'ibutions in field emission gun emitters by electron holography 
(chapter 3) 
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An evaluation technique for field emission gun emitters was established by using electron holography. For 
performing electron holography under an applied voltage, a specimen holder with the capabilities of 
three-directional motion as well as voltage application was utilized. An unused Schottky emitter and a used 
emitter that had failed after operating for about I 0,000 h were selected for this study By visualizing the electric 
potential distributions around the emitters, it was elarifired that a change in the edge shape of the emitter led to the 
ehange in the strength of the electric field. The observations revealed that electron holography can be applied to 
evaluate the performances of the various emitters. 
Furthermore, by means of electron holography, the electrie potential distributions around a cold-type field 
emission gun emitter are visualized with a change in the applied voltages. In a biased field emission gun emitter, 
the exp erimental method for obtaining an unperturbed reference wave is applied in order to carry out quantitative 
electron holographic analyses. Further, through comparing the experimental results obtained by electron 
holography with those of the simulations taking into account the three dimensional configurations of the field 
emission gun emitter and the anode, it is found that the experimental teehnique presented in this study is quite 
useful in obtaining the quantitative infonnation regarding the electric field distribution around a biased 
FEG-emitter. 
- Direct observation of field emission in a single TaSi2 nanowire by electron holography (chapter 4) 
The electric potential change in a single TaSi2 nanowire during field emission was visualized by means of 
electron holography. The TaSi2 nanowire exhibited a typical field-emission characteristic following the 
Fowler-Nordheim theory. The field enhancement factor (P) was evaluated to be 262. During the field emission, the 
interference fiinges of the electron hologram were blurred lccally between the TaSi2 nanowire and anode. This 
phenomenon was interpreted as being due to a change in the electric potential of approximately I V in the TaSi2 
nanowire afier each ballistic emission. The experiments on the single TaSi2 nanowire field emission behavior 
provide the useful information for understanding the field emission in the nano field-emitting device. 
* In situ observations of magnetization process in Alnico magnets by electron holography and Lorentz 
microscopy (chapter 5) 
The magnetic microstructure of Alnico 5 and Alnico 8 and their magnetization process were investigated 
systematically at a nanometer scale by means of electron holography and Lorentz mieroscopy. In particular, the 
magnetization process in Alnico alloys was visualized for the first time by utilizing a shayp magnetic needle made 
- 200 -
'i'~ 
*+** ,,;~. 
I
*
}
{
 
i
 
of sintered Nd2Fel4B in a transmission electron microscope. It was found that the direction of lines of magnetic 
flux changed at the boundaries between the al and oe2 phases which were aligned in the direction of the magnetic 
field applied in the thermomagnetic treatuent. In the Lorentz microscope image, these boundaries were observed 
as white lines and black bands, whose shapes refleeted the difference in the shape anisotropy between Alnico 5 
and Alnico 8. Wlth an increase in the magnetic field induced by the magnetic needle, the magnetization direction 
of the domains magnetized in the direction opposite to that of the approaching needle was reverse~ and finally a 
large reversed domain was formed. In both Alnico 5 ~nd Alnico 8, it was shown that the magnetization process 
was accomplished through an entire magnetization reversal in each grain of the oel phase. 
- Magnetization process of Sm2Fel7N8 powders studied by electron holography and Lorentz 
microscopy (chapter 6) 
Utilizing an eleetromagnet and an Nd2Fel4B magnetic needle, the domain wall motions and the 
magnetization reversal in Sm2Fel7N6 fine powders was suecessfully observed. Through preparing the thin foil 
specimens composed of the Sm2Fel7Ns Powders and epoxy, we were able to observe the magnetization prccess of 
the Sm2Fel7N8 powders in the similar condition with the real application. In ex situ observations, the changes in 
the distribution of magnetic flux lines were clearly observed due to the magnetization reversal of each Sm2Fel7N8 
powder. Futther, through in situ observations, the motions of the domain walls were observed. The analysis 
methodology demonstrated in this study is quite useful to evaluate the magnetization process in hard magnetic 
materials. 
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 論文審査結果の要旨
 電子線ホログラフィーは、電場及び磁場をナノスケールで可視化することができる先進の科学技
 術として注目を集めている。特に、先端磁性材料の磁気微細組織の解析及び先端電気材料の内部電場評
 価など、様々な研究が活発に進められている。しか松電場の評価に関しては、これまでのところ電圧
 を印加した状態で定量的な解析を行うことが可能なホログラ、ム逢得ることが困難であり・磁場の評価に.
 関し七は、永久磁石の磁化過程を解析する際に、種々の制限があった。この様な状況の下〉本論文では
 透過電子顕微鏡の内部で、ナノチップを電圧印加用の電極、電場遮蔽、及び局所領域での強い磁場印加
 用の磁性針として使用することによって、先端材料の電場及び磁場のその場解析に成功し、その成果と
 説明を全編7章にまとめたものである。
 第1章は、緒言であり、本砺究の背景及び目的を述べているg
 第2章では、電子線ホログラフィーと恥rentz顕微鏡の原理またホログラフィーのデータを解釈する
 ためのシミュレーションの方法及び永久磁性材料の磁化過程や磁気微細組織の解析方法について述べ
 ている。
 第3章では、現在、電子顕微鏡用のエミッタとして使われているSc加t喚y型電界放出型工専ッタど.
 冷陰極電界放出型エミッタの評価技術に関して述べている。本章では、電場を定量解析するためのホロ
 グラフィ論の実験方法についても説明がなされている。
 第4章では、電界放出電子エミッタ用TaSi2ナノワイヤにうhて、電子線ホログラフィーを用いた電
 圧印加に伴うエミ.ッタ周辺での電位分布の定量解析を実施すると共に、電子放出現象に伴う微小電流測
 定」電圧微小変動の解析に?いて述べている。世界で初めて、電界放出中の牢ログラムの干渉縞の消え
 る現象からT&Si至ナノワイヤのバリスティックな電子の放出重くballistic6mi8sion)の様子を明らかにし
 ている。
 第5章では、ナノ構造を持った永久磁石であるAhiと05とAlnico8の磁気微細組織及び磁化過程につ
 いて述べている。Nd2Fe14Bの永久磁石からなる微小磁性針を利用することにより、強磁性相であるα1
 相の磁化反転から磁化過程が起きる様子を明らかにしている。
 第6章では、永久磁石粉末の磁化過程を解析する方法について述べている。本章では、Sm2Fe17Nδ
 粉末に対して、磁性針と電磁石を用いて磁化反転を誘起し、電子線ホログラフィーとLorentz顕微境法
 によって磁区構造を評価し亡いる。
 第7章は、結論である。
 以上要するに、本論文は、電子線ホログラフィーにぶる先端エミッタ卯電位分布や永久磁石である
 Al嚢icoとSm2Fe生7Nδ粉末の磁気微細構造及び磁化過程の特徴を明らかにしている。『特に、今までの困
 難と考えられ亡いた電場の定量的な評価と永久磁石の磁化過程を評価するため、新たなナノチップを用
 いた電子線ホログラフィーによる解析法を提示しており、本成果は材料工学の発展に寄与するところが
 少なくない。
 よって,本論文は博士(工学)の学位論文として合格と認める。
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